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The Calvin cycle is a fundamental sequence of chemical reactions that supports metabolism and growth in plants. As it drives the fixation of atmospheric carbon dioxide, energy-rich building blocks are assimilated and either used directly or stored as starch.
In Arabidopsis thaliana, this starch reserve is severely depleted during the night, as carbon is channeled through myriad biosynthetic reactions before sunrise [1] . The judicious use of carbon reserves is critical for the survival of developing seedlings, as carbon fixation must increase to a rate capable of supporting growth before the nutrient stores of the seed are exhausted. This is even more urgent for plants (such as Arabidopsis thaliana) that disperse a large number of relatively small and poorly-provisioned seeds. Efficient use of carbon in the seedling demands coordination between the fluctuating supply of carbon from the Calvin cycle and the flow of essential nutrients from the soil. This type of rootshoot communication has a precedent, as root growth is under the control of signals from the shoot, which are initiated by red and blue light-absorbing photoreceptors and communicated through hormones such as auxin and gibberellin [2] . Surprisingly, this conceptually straightforward connection was only recently discovered after it was demonstrated that primary root growth depends on the physical presence of a mobile signal taken to the roots from the cotyledons through the phloem. Moreover, it was convincingly shown that this signal consists of photosynthesis-derived sugar, which after arrival in root tip was able to drive root elongation growth only in the light [3] .
Hormones and carbohydrates are by no means the only signals moving between shoots and roots. For example, a recent survey revealed that over 2,000 genes encode mobile RNAs in Arabidopsis [4] . Studying variant ecotype transcripts in heterografted plants allowed the identification of these mRNAs, which move between various organs under normal or nutrient-limiting conditions.
Additionally, the timing of flowering induction is under the control of FT, a protein that is transported from leaves (where environmental factors such as light quality, day length and carbohydrate availability are sensed) to the shoot meristem, where it interacts with the bZIP transcription factor FD to trigger the formation of flowers [5] . Studies such as these help to explain why simple promoter-reporter gene fusions do not always reliably reveal the actual location of transcripts or proteins in the plant.
The plant vascular system has evolved to allow the close regulation of longdistance signaling. In phloem tissue, cell-to-cell connections called plasmodesmata help to generate a Current Biology Dispatches cytoplasmic continuum that extends from one end of the plant to the other. These superhighways allow the regulated movement of sugars, metabolites, proteins and RNAs between a wide range of sink and source tissues. Therefore, genetic and physiological studies have combined to establish the paradigm of movable RNAs and proteins in plants, which have targeted effects in distinct and remote organs [6] .
Adding to this field, a novel shootto-root mobile signal consisting of the well-known transcription factor LONG HYPOCOTYL 5 (HY5) was reported by Chen et al. recently in Current Biology [7] . The Arabidopsis transcription factor HY5 promotes photomorphogenic development. However, root phenotypes observed in hy5 mutants have been much more difficult to explain [8] .
Chen et al. convincingly demonstrate that root nitrate (NO 3 -) uptake was stimulated by illuminating shoots, and that this induction was abolished in hy5 mutants. The underlying mechanism then became clear after a series of hypocotyl graft chimeras, in which HY5 scions gave rise to light-induced NO 3 -uptake in roots as transcription of NRT2.1 (a gene encoding a nitrate transporter) was upregulated. Surprisingly, in a crucial experiment, fluorescent HY5-GFP became visible in roots. A complex set of genetic controls strengthened the view that HY5 is indeed a shoot-to-root phloem-mobile signal that mediates light regulation of root growth and NO 3 -uptake. Full integration of shoot-derived HY5 signals into root growth programs has been suggested, as hy5 mutants are resistant to external cytokinin application. In addition, genetic analyses indicated that a decrease in auxin signaling in hy5 is probably caused by reduced expression of at least two negative regulators of auxin signaling: AUXIN RESISTANT 2 (AXR2)/INDOLE ACETIC ACID 7 (IAA7) and SOLITARY ROOT (SLR)/IAA14 [8] . These studies leave open the possibility that, in addition to regulating the flux of nutrients from the soil, HY5 also influences the overall balance between auxin and cytokinin in the root.
In addition to the importance of this discovery to our understanding of the fundamental biology of plant shoot-root communication, it also offers potential scope for environmentally sustainable increases in the yields of agricultural crop plants by enhancing nutrient use efficiency (NUE). Many crops (e.g., maize, wheat) are grown at relatively high planting density, with consequent widespread shading of the developing crop. The findings in Chen et al. suggest that this shading might be limiting crop root nitrate uptake, and that engineering or breeding for modified HY5 activity might provide a way to improve root nitrate uptake, promote NUE, and reduce levels of environmentally damaging nitrogenous fertilizer application to crops.
